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Jet quenching¢mm . mm) Hydro

State of affair 2003
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Jet quenching

State of affair 2013




State of affair 2013

Jet quenching

Miklos: My personal perspective is that instead of converging on a solid basis of null
controls, we reached a maximal entropy state both theoretically and experimentally

s Theory : Indeed...
s Experiment : undigested information # more entropy

What is the effective picture/theory of QCD in high-density system??



(d) CMS N>110, 1.OGeV/c<pT<3.OGeV/c
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THE RIDGE AT RHIC & THE LHC



leveraging RHICG/LHC difterences
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- changing both the collision energy and the shape of the initial system
as compared to the ridge seen in pPb

A. M. Sickles



Terences

leveraging RHIC/LHC di:
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the shape of the initial system

Bzdak et.al. 1304.3403




Hydrodynamics in small system?

r

s Flow depends on shape and size/gradient N V.

’.: % " — _77 X

e A Ay

- o Pb+Pb (2.76 TeV) -
[ <p;>~ 1.4 GeVic e AutAu (0.2 TeV) i
- &  Cu+Cu (0.2 TeV) 7
I o p+Pb-G (5.02 TeV) i
i v p+Pb-P (5.02 TeV) ]
- e d+Au (0.2 TeV) -
i S ]
I . 1
- m -
- Biqx ) N
i % R ]
u N ® \ i
a \Q }Il f\ .
N ¥ \ N
i \ \ il
n X
i Rloy 1 1 1 1 \ ]

0.0 0.5 1.0 1.5 2.0 2.5

1R (fm”") Gradient



v, in pPb and PbPb

PbPb
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v; shows similar shape in pPb and PbPb; magnitude comparable

“Peripheral subtraction” makes essentially no difference

RBRC Workshop, Apr 15-17, 2013
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v, in pPb and PbPb
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02{2} = /< v >2 403,

“Fluctuations” larger in pPDb,
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Flow fluctuation & v {4}
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Flow fluctuation & v {4}

- 7,y c exp| oY)
Bessel-Gaussian pLv, p 75
n
2 — \2 x2 4
—-(v:+(v vy
p(v )xv exp v, E”) ( ) I (x)= ~et |-
20 64
n I’l
o -(v,)
For pure fluctuations 0= pI,)xv exp
20,
S
When = \7— I distribution 1s very close to pure Gaussian with a redefinition of o
5 5 =82 +(v, )12 - 4" =28 0rv <<2.85
| n Valid when = <. n 00,
vy — n
v, v '=0
0.025— _é ' - E
i i ] og 0.02;— _; N ; g
| | St S \7\: EI s ;
— V§P=0.05ni B n_o E e, E o 0.2 :_ _:
ey Lo 7 w z : ;
— vRP=0.95 1 . 0.005 :—/ o3, 3 0 7
, —v§9=1.56n: | r ] - .
I '6.(')2I' 03 o0 b0s b0 bI R ¥ S Y Y S B N S R T

Va VRP/§ VR¥IS,



Flow fluctuation & v {4}
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s Even a small deviation will give a large v _RP or large v_{4}
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a 4% difference gives a v {4}
value of about 45% of v {2}



Flow fluctuation & vn{4}

I ',,;;% pT>0 5 GeV ATLAS Prellmlnary

Pb-Pb \s,,=2.76 TeV |
Lyy=8ub™

[4-0-1%
| 4-5-10%

--20-25%
10" ©-30-35%
[ = 40-45%

[ -5 55-60%

0 0.05 0.1

0.6

S pT>1 GeV
- —.— pT>0.5 GeV
e

ATLAS Preliminary 4
Pb-Pbys,,=2.76 TeV -
Ly=8ub" .

PR T S SR T T |
300 400

PR N [ A P
100 200
N

s Even a small deviation will give a large v kP or large W {4}

=202y -]

a 4% difference gives a v {4}
value of about 45% of v {2}

0.05 -
m V{2, IAnl > 1} \E{‘l} /V3{2}:0-5

O va{4} e

ALICE

A T I T
0 10 20 30 40 50

centrality percentile




part®

ATLAS, arXiv:1303.2084 (2013)
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s Just need a small deviation from Gaussian
= Small N
= Fluctuation of M and v, aren’t de-coupled

or Negative binomial fluctuation (Bozek)

dN
d¢

0.10

0.05

0.00
0.8L

o.ef
0.4f
0.2t

—=M 1+E2Vncosn(¢—(l)n)

— CMS Preliminary

-t
-

- -dEm @ B B gmE N
e .
4 * ® v,{2, |An>2}
- V{2, JAn[>2), N} <20 sub.
u v,{4}

“(b)pPbys, =5.02TeV

T TR TN TN TN NN TN TN N SN NN SR SR S S |

....'.‘

C v3{2} — v3{4}
v3{2} +v3{4}

.........

1 1
T + + T T T T T T T T T T T T T T T

1l

offline
Ntrk

0 100 200 300



= Fluctuation of M and v, aren’t de-coupled
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v,{4} in p+PDb

m Just need a small deviation from Gaussian
= Small N

or Negative binomial fluctuation (Bozek)

ATLAS, arXiv:1303.2084 (2013)
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Power spectrum
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Planck 2013 CMB temperature power spectrum
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Ripples of

“little-bangs”
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s Data-driven unfolding the key:
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nonflow + noise
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J.Jia, S. Mohapatra: arxiv:1304.1471



(non-flow)
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(non-flow)

0.024F _ .
A - < 0orv | m Unfolding method allow
o 8, for RF : C e
" oozol Py extraction of EbE distribution
O i G 0 10r APy |
O . _ of short-range and long-range
c . i .
> 0.02- HIUING besgfm ] correlations
Vv i ¢ ] = Well-defined noise limit
U ootsf &, - e — l :
NS WO o SO o YT S .8 6.6 ol 30000 = _o i ‘I;zFZSE :
I | I —o— RFpay i
0.016- T I = unfolded with RF,o. |
2 4 8 10 20000~ g —e— unfolded with RF_, ]|
‘\r‘A \ i %&w HIUING b=8fm |
10000:— ool W B
N A T AN = T A T
:.,"n,.*‘”% —-—reSprandomE N 5 k —e—resp random: i " 0q 002 X ----.---_-
20000:— o":::" 1:?&” :ij * Ezoooo:— .3 d\ Vy
probability distribution of
. g residual non-flow!!!
oo OL;" BT T R T -




Events

AZ|muthaI power spectrum in AMPT: (flow+non-flow)"
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AMPT unfolded distributions

s Unfolded distribution scales Wel.l'. |

5
10°F §¥9%e 110F 99 E
: $ ¢ no® : 8 0, ] 39 g':\:\:
[ $ o- °¢ "o i
[ gl:ll:| o¢ - ] Sn O ¢
10*F ¥0 o = 1 10°F e - E
C O R ] - o ¢ o
L AMPT b=8f o ] a
[ m o 0’ |:|I:I
0 |s,,=0.2 TeV e o ® Y &
10°F 1 10°F ot o o
E o-0.5<p. <1 GeV \ 03 [ -05<xp<1GeV o 4 ]
[ &P, >1 GeV (1|> ] [ =P, >1 GeV ]
+p >05caev +p >OSGeV o qﬁ’.i:
1 1 I 1 1 1 1 I 1 1 1 1 1 I 1 1
0 0 1 0.2 0.3 0. 0 0 1 0.2 0.3
Vs Vs
T T I T T T T I T I I 105 B T T T T I T T T I I_
105 :_ m = é ]
: af * Dm%
O . - 48 8 —
10 ® 110°¢ %rs :
) X O
g o b
n ® i)
10°F oy 1 10°F % E
f } *ﬁ‘ ]
1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 I 1 I+ I 1 I
0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3
v, rescaled V3 rescaled



23

It was a memorable workshop
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